INTRODUCTION
Kidney dysfunction and subsequent acute renal failure commonly occur, and is usually multifactorial in patients with infective endocarditis (Table 1 ). The incidence of renal disease in endocarditis varies: a retrospective study in 1998 showed that approximately one-third of patients developed acute renal failure (1) , while a recent study in the Western Cape showed renal involvement to occur in 59.6% of cases. (2) Though the true impact of infective endocarditis as a cause of endstage kidney disease has not been established, it is well known that the outcome may vary from sub-clinical manifestations to a fulminant course. Distinguishing between the various causes requires a thorough history and examination in order to establish the timing of the renal Renal infarcts and abscesses extremely low (5) and the balance between oxygen supply and demand is very delicate. In addition to ischemic stresses, fl uid restriction, exposure to radiocontrast media and potentially nephrotoxic drugs or pre-existing chronic kidney disease (CKD) can all act in concert to increase the progression to ATN and worsen the outcome. (3, 4) Though it may sometimes be diffi cult, it is possible to distinguish prerenal renal failure from either ischemic or nephrotoxic ATN by using a set of parameters based on pathophysiological changes in these conditions (Table 2) . It is important to note that none of these parameters on its own is suffi cient to differentiate between prerenal renal failure and ATN -hence the need to combine as many parameters as are available. Both prerenal renal failure and ATN are heralded by poor urine output or oliguria and azotemia either at presentation or in the course of management. (3, 4) While oliguria is universal in prerenal detection of ischemic ATN, has recently been described although more studies are needed to validate its value. (8, 9) Other possibly useful markers are low molecular weight proteins and brush border enzyme, which is high in ATN and low in prerenal renal failure. Fractional excretion or urea, uric acid and lithium can also be used. NSAIDS have little effect on kidney function in normal individuals.
However, in patients already compromised by volume depletion, heart failure or pre-existing renal disease, renal perfusion is improved by production of vasodilator prostaglandins as an adaptive mechanism.
NSAIDS prevent the synthesis of these prostaglandins by inhibiting cyclooxygenase isoenzymes, thereby decreasing renal blood fl ow. This precipitous decline leads initially to prerenal azotemia and, if prolonged or severe enough, to ATN. Aminoglycoside nephrotoxicity is particularly common and tends to manifest while the patient is still on the offending agent -often within 4-5 days from its initiation. Older and female patients are particularly at risk, as well as those with pre-existing renal disease, magnesium, potassium and calcium defi ciencies, and hypotensive patients with intravascular volume depletion. (18) The clinical picture is similar to that described with ischemic ATN, but patients are frequently not oliguric. 
ACUTE INTERSTITIAL NEPHRITIS (AIN)
Drug-induced AIN is not dose-dependent but an idiosyncratic reaction, and recurrence or exacerbation can occur with a second exposure to the same or a related drug. The onset of AIN ranges from three to fi ve days with a second exposure to the same offending agent, to as long as several weeks with a fi rst exposure. (13, 14, 15) The classical features are allergic-type manifestations: fever, a skin rash and eosinophilia occurring together or in isolation. In a review of four different series the occurrence of the triad was found in less than 10% of cases, while fever, rash and eosinophilia occurred more frequently. (19, 20) Other typical fi ndings include acute renal insuffi ciency characterized by a sudden rise in serum creatinine level that is related to the administration of the offending drug. Urine microscopy may show eosinophiluria, white cells, white cell casts and red cells. An absence of suggestive sediments does not exclude AIN. Daily protein excretion can either be normal or less than 1g; although nephrotic range proteinuria might be present if due to non-steroidal anti-infl ammatory drugs (NSAID) or in the presence of other associated conditions that might contribute to the quantity of proteinuria. (14) Renal biopsy is indicated only if there is no response within one week of discontinuation of the offending drug, diagnostic uncertainty or advanced renal failure. (20) Histology typically reveals interstitial oedema and a marked interstitial infi ltrate consisting primarily of T-lymphocytes.
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A monocytic infi ltrate, eosinophils, plasma cells and granulomas have also been found. Although not specifi c, a positive Gallium 67 scan be used to distinguish AIN from ATN. (21) Recovery of renal function after discontinuation of the offending agent might be evident within one week in a majority of cases and further evaluation is not necessary in responsive cases. (22) 
ENDOCARDITIS-ASSOCIATED

GLOMERULONEPHRITIS
Patients commonly develop a form of post-infectious glomerulonephritis due to circulating immune-complexes. It may occur in both acute and sub-acute endocarditis. The exact incidence of this entity is not known because of a lack of suffi cient prospective studies (25) . The prevalence and the type of causal organism associated with glomerulonephritis have varied considerably over time, since the introduction of antibiotic treatment. (26, 27, 28, 29) Renal deterioration is usually evident at presentation and worsens progressively without treatment. It occasionally progresses to end-stage renal failure when undetected or left untreated.
Examination by urinary dipstix usually reveals hematuria with or without proteinuria. Microscopy of the urine typically demonstrates dysmorphic red blood cells. Though not always present, red blood cell casts are considered diagnostic. The development of an overt nephrotic syndrome is unusual, but may occur in up to 30% of patients with shunt nephritis. (30) Several serological laboratory tests may aid the diagnosis.
Elevated circulating immune complexes are demonstrated in up to 90% of cases, (31, 32, 33) and a positive rheumatoid factor in 10-70%.
Hypocomplementemia is found in about 68-90% of diffuse and 60% of focal glomerulonephritis associated with endocarditis, (25, 27) indicating activation of the classic complement pathway. Mixed cryoglobulins are found in 95% of patients with endocarditis, but correlation with glomerulonephritis has not yet been established. (32, 33, 34) Recent literature describes cases of anti-cytoplasmic antibody (ANCA) positive endocarditis-associated glomerulonephritis, usually presenting with rapidly progressive renal failure. (35) (36) (37) (38) (39) The typical glomerular lesions are focal proliferative and diffuse proliferative glomerulonephritis associated with increased cellularity in the mesangial and endothelial portion, with or without crescents. (25) (26) (27) Diffuse crescentic glomerulonephritis has also been reported. (39) (40) (41) Appropriate antibiotic therapy usually results in recovery of renal function. The recovery may be rapid with return to or near baseline in mild cases, though hematuria and proteinuria may persist for months.
The severity of glomerulonephritis is often determined by prolonged disease and delayed commencement of antibiotic treatment. (25) Progression to end-stage renal failure has been associated with crescentic glomerulonephritis and occasionally diffuse proliferative glomerulonephritis, while it is uncommon with focal glomerulonephritis, which usually presents with mild renal failure. (27, 42) Treatment of severe cases may require the use of immunosuppressive therapy such as steroids. (40, 41) Treatment of isolated cases with plasmapheresis, in addition to antibiotic and steroid therapy, has also been described. (43, 44) Little is known about the effect of surgical intervention on the recovery of glomerulonephritis, (40) though correction of valvular lesions may correct other contributory factors to renal failure.
EMBOLIC PHENOMENA AND ABSCESSES
Renal infarction and abscess formation arise from arterial embolization of vegetation or hematogenously seeded focal infection. These conditions were more common in the pre-antibiotic era, with one study revealing an incidence of 56% on autopsy. 
